In plants, calcium acts as a universal second messenger in various signal transduction pathways. The plant-specific calcium-dependent protein kinases (CDPKs) play important roles regulating downstream components of calcium signaling. We conducted a genome-wide analysis of rice CDPKs and identified 29 CDPK genes and eight closely related kinase genes, including five CDPK-related kinases (CRKs), one calcium and calmodulin-dependent protein kinase (CCaMK) and two phosphoenolpyruvate (PEP) carboxylase kinase-related kinases (PEPRKs). The mRNA splicing sites of the rice CDPKs, CRKs and PEPRKs (but not OsCCaMK) are highly conserved, suggesting that these kinases are derived from a common ancestor. RNA gel blot analyses revealed that the majority of rice CDPK genes exhibited tissue-specific expression. Expression of OsCPK9 was elevated in seedlings infected by rice blast, indicating that this gene plays an important role in signaling in response to rice blast treatment. Our genomic and bioinformatic analyses will provide an important foundation for further functional dissection of the rice CDPK gene family.
Introduction
All organisms use a network of signal transduction pathways to control their metabolism and to adapt to their environment. Among these pathways, calcium plays an important role as a universal second messenger (Trewavas and Malho 1998 , Sanders et al. 1999 , Berridge et al. 2000 . In plants, the intracellular Ca 2+ concentration is changed in response to various stimuli, including hormones, pathogens, light and abiotic stresses (Evans et al. 2001 , Harper 2001 , Knight and Knight 2001 , Sanders et al. 2002 . Several Ca 2+ sensors or Ca
2+
-binding proteins recognize transient Ca 2+ elevations and induce downstream effects such as altered protein phosphorylation and gene expression patterns (Sanders et al. 1999) .
Three major classes of Ca
-binding proteins have been characterized in plants: calcium-dependent protein kinases (CDPKs), calmodulins (Zielinski 1998 ) and calcineurin B-like proteins (Kolukisaoglu et al. 2004) . Of these three classes, CDPKs are of particular interest because they represent a novel type of Ca 2+ sensors and effectors. CDPKs have been identified throughout the plant kingdom and in some protozoans, but not in animals.
CDPKs possess a variable N-terminal domain and several functional domains, including a protein kinase domain, an autoinhibitory region and a calmodulin-like domain (Harper et al. 1991 , Harmon et al. 2000 , Cheng et al. 2002 . CDPKs are activated by the binding of Ca 2+ to their calmodulin-like domain, but are not stimulated by calmodulins. It has been reported that CDPKs from various plants are induced by a variety of stimuli, including both hormones and/or stresses (Urao et al. 1994 , Botella et al. 1996 , Sheen 1996 , Patharkar and Cushman 2000 , Saijo et al. 2000 , Yang and Komatsu 2000 , Murillo et al. 2001 , Romeis et al. 2001 , Chico et al. 2002 , elicitor (Romeis et al. 2001 ) and light (Frattini et al. 1999) . Furthermore, research using transgenic plants has revealed the biological function of a few CDPK genes in higher plants. In rice, transgenic plants with disrupted SPK (calcium dependent seed-specific protein kinase) function showed reduced accumulation of storage starch and proteins in immature seeds . Transgenic rice constitutively overexpressing OsCDPK7 had enhanced tolerance of cold, salt and drought stress (Saijo et al. 2000) . In tobacco, CDPK-silenced plants showed a reduced and delayed hypersensitive response to fungal Avr9 elicitor (Romeis et al. 2001) . However, the biological function of most of the CDPKs in plants and their target proteins is still unclear.
Recently, a genome-wide analysis of Arabidopsis CDPKs identified 34 CDPK genes (Cheng et al. 2002 . Based on research on the Arabidopsis CDPK gene family, it is thought that CDPKs constitute a large multigene family in higher plants. However, to date, this idea had not been confirmed by genome-wide identification of CDPK gene family members from other plant species or analysis of the functional divergence of the CDPK gene family in plants.
In this study, we carried out a genome-wide analysis of rice CDPK genes, and identified 29 rice CDPK genes and eight genes encoding related kinases such as CDPK-related kinases (CRKs), calcium and calmodulin-dependent protein kinases (CCaMKs) and phosphoenolpyruvate (PEP) carboxylase kinase-related kinases (PEPRKs). Phylogenetic analysis was performed and intron positions compared to reveal the evolutionary relationships among these kinases. For representative Table 1 Characteristics of CDPKs from rice a Molecular mass were calculated using Genetyx software (Genetyx, Tokyo, Japan). b, c The number of EF hands and myristoylation motifs were predicted by PROSITE scan (Falquet et al. 2002) . d Breviario et al. (1995) and Frattini et al. (1999) . e Yang et al. (2003) . f Saijo et al. (2000) . g Kawasaki et al. (1993) and Asano et al. (2002a) . rice CDPKs, gene expression was analyzed in specific tissues or in plants infected with rice blast. Our study provides fundamental information on the phylogeny, gene structure and gene expression of the rice CDPKs.
Results and Discussion
Identification of 29 rice CDPK genes CDPKs are widespread in the plant kingdom and constitute a multigene family. It was hypothesized that CDPKs would be encoded by a large multigene family in rice because of the 34 CDPK genes identified by a genome-wide analysis of Arabidopsis CDPKs (Cheng et al. 2002 . However, only a limited number of rice CDPK family members have been characterized. Now that the draft sequence of the rice genome is almost finished, we undertook a database search to identify CDPK family genes in the rice genome using entire amino acid sequences from previously identified rice CDPKs and the full-length rice cDNA clones encoding CDPKs. We selected the genomic sequences as candidates which showed scores of >90 by the TBLASTN algorithm. Subsequently the candidate sequences were analyzed by the BLASTX program and motif scanning in order to distinguish CDPKs from other related protein kinases. Through this search, we identified 29 rice CDPKs, designated as OsCPK1-OsCPK29 according to the proposed nomenclature for CDPK genes (Hrabak et al. 1996) (Table 1 ). All rice CDPKs analyzed in this study possess the structures typical of the CDPK family, including an N-terminal variable domain, a protein kinase domain, an autoinhibitory domain and a calmodulin-like domain. All of the rice CDPKs, except OsCPK5, OsCPK6 and OsCPK25, also possess four EF hands as predicted by a motif search. In contrast, OsCPK5 and OsCPK25 each have three EF hands, and OsCPK6 has only one (Table 1) .
In Arabidopsis, some CDPKs are predicted to be myristoylated at their N-terminus, a modification that is thought to promote protein-membrane and protein-protein interactions (Towler et al. 1988 , Johnson et al. 1994 . Fifteen of the rice CDPKs were found to contain myristoylation sites at their Nterminus (Table 1 ). In addition to N-myristoylation, 12 CDPKs in the rice genome showed high probability of a second type of lipid modification, also known as palmitoylation (Table 1 ) (Resh 1994 , Milligan et al. 1995 , Martin and Busconi 2000 . However, all the myristoylation sites or palmitoylation sites except for that of OsCPK19 (OsCDPK2) (Martin and Busconi 2000) are putative or potential sites; whether the sequences are involved in subcellular localization has not been proved experimentally.
Comparative analysis of the GC content of rice and Arabidopsis CDPK genes
We analyzed the GC content of the coding region of rice and Arabidopsis CDPK genes. Based on this analysis, the rice CDPK genes were classified into three types as follows: (i) the majority of rice CDPK genes (such as OsCPK2, 4, 8, 10, 11, 12, 13, 15, 16, 17, 18, 20, 22, 24 and 29) had GC-rich nucleotide sequences (average 68.6% G + C) in the region corresponding to the N-terminal variable domain and a part of the protein kinase domain; (ii) the OsCPK6, OsCPK9 and OsCPK21 genes had GC-rich sequences (65.8, 70.1 and 66.8%, respectively) throughout their coding region; and (iii) the OsCPK7, OsCPK19 and OsCPK23 genes were composed of relatively low GC content sequences (45.7, 46.3 and 44.4%, respectively) ( Fig. 1) . In contrast, all Arabidopsis CDPK genes are composed of relatively low GC content sequences (average 42.1%) (Fig. 1) . The results indicate that the GC contents of the N-terminal sequences of rice CDPK genes are quite different from those of Arabidopsis CDPK genes. Consistent with this finding, previous studies found that the 5′ ends of rice genes were up to 25% richer in GC content than the 3′ ends, although different genes exhibited different gradients . It is not known whether the GC-rich sequence corresponding to the N-terminal variable domain and a part of the protein kinase domain of the rice CDPKs has any functional significance. CDPK genes. The protein kinase domain and calmodulin-like domain are indicated by red boxes and yellow boxes, respectively. The GC contents were analyzed using GENETYX software. A 51 bp sliding window was used to filter out the fluctuations in the sequence.
Protein kinases closely related to the CDPKs
It was reported that CRKs, CCaMKs and PEPRKs are closely related to the CDPKs . Like the CDPKs, the CRKs and PEPRKs are unique to plants. The Arabidopsis genome contains eight CRKs and two PEPRKs, but no CCaMK .
We identified a rice CCaMK and some rice CRKs and PEPRKs through a rice CDPK search by the BLAST algorithm. To uncover the full complement of kinase genes closely related to the CDPKs in the rice genome, we conducted a database analysis using the full length of amino acid sequences of previously identified CRKs and PEPRKs by the BLAST algorithm. The identified genes were classified further with respect to protein kinase family by sequence homology. The results showed that five putative CRKs, one putative CCaMK and two putative PEPRKs are present in the rice genome (Table 2) .
Although the structures of CRKs and CDPKs are similar, their enzymatic properties differ because the calmodulin-like domain of the CRKs is degenerate (Lindzen and Choi 1995) . All the rice CRKs identified in this study have potential myristoylation sites and palmitoylation sites at their N-terminus (Table 2) . However, CRKs have never been demonstrated to be acylated experimentally.
The rice CCaMK has a kinase domain and a calciumbinding regulatory domain, which contains three EF hands and is similar to the visinin-like domain (Takezawa et al. 1996) . The activity of CCaMKs is regulated by both calcium and calmodulin because of conserved structural features (Takezawa et al. 1996) . These kinases have been isolated from tobacco, lily and a legume, but are absent from the Arabidopsis genome (Patil et al. 1995 , Liu et al. 1998 , Levy et al. 2004 . It was reported that the legume CCaMK acts immediately downstream of calcium spiking in the signal transduction pathway leading to nodule development and mycorrhizal infection (Levy et al. 2004 ).
Phylogenetic relationships and chromosomal distribution
For phylogenetic analysis, rice CCaMK, and rice and Arabidopsis CDPKs, CRKs and PEPRKs were aligned using the ClustalW program. As shown in Fig. 2 , the phylogenetic tree of these kinase sequences forms seven subgroups: CDPKs I-IV, CRKs, CCaMK and PEPRKs. Furthermore, the 29 rice CDPKs were divided into four distinct classes.
The phylogenetic analysis showed that 18 rice and 20 Arabidopsis CDPKs belong to group I, III-b and IV. In contrast, the remaining CDPKs are distributed as follows: group II-a, two rice and 10 Arabidopsis CDPKs; group II-b, six rice and three Arabidopsis CDPKs; and group III-a, three rice and one Arabidopsis CDPK.
Phylogenetic analysis based on amino acid sequences could distinguish 11 closely related pairs of rice CDPKs: OsCPK1/15 (86.2% identity), OsCPK2/14 (86.8% identity), OsCPK3/16 (91.9% identity), OsCPK4/18 (82.3% identity), OsCPK5/13 (81.3% identity), OsCPK7/23 (70.8% identity), OsCPK8/20 (75.3% identity), OsCPK11/17 (78.6% identity), OsCPK21/22 (71.3% identity), OsCPK24/28 (86.5% identity) and OsCPK25/26 (99.6% identity). In Arabidopsis, CPK7 and CPK8 are closely related, and are localized in the plasma membrane (Dammann et al. 2003) .
For OsCPK25 and OsCPK26, the genomic sequences extending from the initiation codons to the termination codons showed high identity at the nucleotide level (99.3%) to each other. OsCPK25 and OsCPK26 mapped to duplicated regions of chromosomes 11 and 12, respectively, which are reported to have a similar expected physical length of 2.5 Mb (Wu et al. 1998) . Therefore, OsCPK25 and OsCPK26 may have arisen through a recent duplication of the rice genome. Furthermore, seven out of the 11 closely related pairs of CDPK genes (OsCPK1/15, OsCPK2/14, OsCPK3/16, OsCPK5/13, OsCPK11/17, OsCPK21/22 and OsCPK25/26) and one closely related pair of CRK genes (OsCRK1/OsCRK4) were also Table 2 Characteristics of rice CRKs, CCaMK and PEPRKs a Molecular mass were calculated using Genetyx software (Genetyx, Tokyo, Japan). b, c The number of EF hands and myristoylation motifs were predicted by PROSITE scan (Falquet et al. 2002) . Characterization of the rice CDPKs gene family 361 located within duplicated genome segments (Fig. 3) . Hence, these kinase genes may have diverged via genome segmental duplication events. In contrast, four other closely related pairs of CDPK genes (OsCPK4/18, OsCPK7/23, OsCPK8/20 and OsCPK24/28) were not found on any of the duplicated genome segments identified by Paterson et al. (2004) . The evolution of these rice CDPK gene pairs in relation to the shaping of the rice genome is unclear. The rice CDPK genes are distributed among all the rice chromosomes except for chromosome 6 (Fig. 3) . In the case of Arabidopsis, the 34 CDPK genes are distributed among all five chromosomes. AtCPK31, AtCPK27, AtCPK22, AtCPK21 and AtCPK23 genes are located in tandem orientation on chromosome 4 and are all classified into group II-a of the phylogenetic tree (Fig. 2) (Cheng et al. 2002 . However, no tandemly oriented cluster of CDPK genes was observed in the rice genome. Therefore, tandem duplication of CDPK genes has not occurred in the rice genome.
Structure of the rice CDPKs
In order to reveal the gene structure of the rice CDPKs, mRNA splicing sites were mapped by comparing the fulllength cDNAs with their corresponding genomic sequences. Full-length cDNAs were available for 19 out of the 29 OsCPK genes ( Table 1 ). The predicted splicing sites of the rice CDPK genes correspond to those of liverwort and Arabidopsis (Fig. 4) (Nishiyama et al. 1999 , Cheng et al. 2002 , suggesting that CDPK gene structure is highly conserved from the psilotophyta to the higher plants. Although most of the rice CDPK genes consisted of seven or eight exons, the genes fell into seven different pattern types based on the locations of the splicing sites (Fig. 4, 5 ). This result shows that the structures of rice CDPK genes are more variable than those of the Arabidopsis CDPK genes.
Unlike most of the rice CDPKs, OsCPK9 and OsCPK6 have four and two splicing sites, respectively (Fig. 4, 5) , fewer than the number typical for CDPKs. This finding suggests that intron loss events have occurred within these rice CDPK genes during evolution. OsCPK4 and OsCPK18 each consist of 12 exons, and all of their splicing sites correspond to those of AtCPK16, AtCPK18, AtCPK28 and the CRKs of Arabidopsis. Moreover, within the phylogenetic tree, the subgroup IV CDPKs are found in the branch that is most closely related to the CRKs. Therefore, the CDPK genes of subgroup IV and the CRKs are thought to be evolved from a common ancestor. The gene structure and phylogenetic analysis in this study reveal that the rice CDPK family is constituted from two types of genes: (i) general CDPK genes (subgroups I-III); and (ii) CDPK genes showing similarity in amino acid sequence and splicing pattern to the CRKs (subgroup IV).
The splicing site positions are highly conserved in the rice CDPKs, CRKs and PEPRKs, as also predicted in Arabidopsis , even though the number of splicing sites varied among these kinases. Hence, these kinases may have evolved from a common ancestor. In contrast, none of the splicing sites of the OsCCaMK1 gene, which otherwise has a similar structure to the CDPKs, coincide with those of the CDPK genes or the closely related kinases, although the differences in splicing position are slight (Fig. 4) . Results of phylogenetic and splicing position analyses suggest that OsCCaMK1 diverged a very long time ago from the common ancestor of the CDPK family or originated from a distinct ancestor.
Alternative splicing
In eukaryotes, such as mammals and higher plants, some genes are spliced alternatively during various developmental stages or in response to stress (Lopez 1998 , Reddy 2001 , Kazan 2003 . In fact, some plant genes are known to encode multiple proteins with different functions and/or different cellular or subcellular localization (Reddy 2001 , Eckardt 2002 . One example is the Arabidopsis FCA gene, which has been linked to the promotion of the floral transition (Macknight et al. 2002) . Fig. 6 Tissue-specific gene expression of rice CDPKs. Total RNA was isolated from the basal 30 mm parts, leaf blades, roots and immature seeds including panicles of rice. The gene-specific probes were used for RNA gel blot analysis of rice CDPK genes.
In the present study, database searches uncovered differential splicing of some rice CDPK transcripts. In the case of OsCPK13, we detected two alternatively spliced forms (accession nos AB042550 and AK061881 encoding 551 amino acids; accession no. AK066495 encoding 516 amino acids), differing in the N-terminal variable region (Fig. 5) . Specifically, the AK066495 cDNA clone had an additional splicing site in the N-terminal variable region, resulting in deletion of a nucleotide sequence encoding 35 amino acids. We also found two alternatively spliced cDNA clones (accession nos AK060738 and AK067146) for OsCPK4; these differed at the eleventh splicing site where an insertion/deletion of 6 bp occurred in the sequence between the third and fourth EF hands in the C-terminal region (data not shown). These results suggest that two potential protein isoforms each of OsCPK4 and OsCPK13 are translated. Whether these potential isoforms have the same properties or have different biological functions in rice cells is unknown.
Four alternatively spliced mRNAs corresponding to OsCPK7 were found in the database search (Fig. 5) . Moreover, two alternatively spliced mRNAs were found for OsCPK19 and OsCPK23 (Fig. 5) . In the case of these three genes, the splicing differences are in the 5′ untranslated region (UTR) of the transcripts and affect the final sequence of the processed 5′ UTR (Fig. 5) . Two kinds of transcripts encoding SPK (OsCPK23) have been isolated, whose first and second exons were joined by either trans-or cis-splicing (Kawasaki et al. 1999 ). These observations may reflect the mechanism for regulating expression of these rice CDPK genes, although there are as yet no experimental data supporting this hypothesis.
Gene expression analysis of rice CDPK genes
Expression data can help predict a gene's function. Table  3 lists the rice CDPK genes for which there is evidence of regulation in response to certain stimuli, and the functions inferred from these data. Information available from the nucleotide [expressed sequence tag (EST) or cDNA] database and our own reverse transcription-polymerase chain reaction (RT-PCR) results for OsCPK11 and OsCPK28 (data not shown) indicate that all rice CDPK genes, except for OsCPK25 and OsCPK26, are expressed in rice plants (Table 1) . Although a cDNA corresponding to either OsCPK25 or OsCPK26 exists in the databases, it is not possible to determine which of these two genes gave rise to the cDNA. To investigate the tissue-specific expression pattern of each member of the rice CDPK gene family, we performed RNA gel blot analysis using RNA isolated from the following rice sample: the basal parts, including the meristems; leaf blades; roots; and immature seeds. The rice CDPK genes used in this study showed diverse gene expression patterns, and the majority were preferentially expressed in a specific tissue (Fig. 6) .
The rice CDPK genes showed six different patterns of tissue-specific expression: (i) predominant expression in basal parts of rice plants including meristems (OsCPK1, OsCPK3 and OsCPK24); (ii) predominant expression in leaf blade (OsCPK9); (iii) predominant expression in root (OsCPK10); (iv) immature seed-specific expression (OsCPK21); (v) predominant expression in both leaf blade and basal parts (OsCPK20); and (vi) expressed in all tissues (OsCPK17).
Previous studies reported the gene expression of OsCPK7, 13, 19 and 23 as follows. Spk (OsCPK23) was expressed specifically in immature seeds and its expression pattern is very similar to those of genes encoding starch-synthesizing enzymes such as sbe1 and waxy (Kawasaki et al. 1993) . Antisense expression of Spk (OsCPK23) resulted in defective accumulation of storage starch and proteins in immature seeds . Expression of the OsCDPK7 (OsCPK13) gene was increased by cold and salt stress in both shoots and roots of 10-day-old seedling (Saijo et al. 2000) and the gene was preferentially expressed in vascular bundles of crowns and central cyl- inder of the root elongation zone under cold and salt stress (Saijo et al. 2001) . Furthermore, transgenic rice constitutively overexpressing OsCDPK7 (OsCPK13) had enhanced tolerance of cold, salt and drought stress (Saijo et al. 2000) . It was also shown that OsCDPK13 (OsCPK7) was expressed in rice leaf sheath and roots and is induced in response to cold and gibberellin (Yang et al. 2003) . OsCDPK2 (OsCPK19) mRNAs were equally abundant in rice roots and coleoptiles (Breviario et al. 1995) .
No transcripts could be detected for OsCPK2, 4, 5, 6, 8, 11, 12, 14, 15, 16, 18, 22, 27, 28 or 29 in any of the tissues analyzed in this study (data not shown). These genes may be expressed in the tissues analyzed but at a level below the limits of detection, or may be expressed only in response to certain stimuli, at a specific developmental stage, or in limited cell types.
Rice blast-induced gene expression
Some rice CDPK genes were expected to function in the signal transduction pathway of disease resistance because Ca 2+ acts as a universal second messenger and the enzymatic activity of rice CDPKs was induced by probenazole treatment (Komatsu et al. 2004 ). The probenazole (3-allyloxy-1,2-benzisothiazole-1,1-dioxide) is known as an effective agricultural chemical against rice blast disease (Midoh and Iwata 1996) . However, the rice CDPK genes which are involved in the signal transduction pathway of disease resistance have not been identified and characterized. In order to investigate the expression of rice CDPK genes in response to infection with avirulent or virulent races of rice blast (Fig. 7A) , we initially analyzed mRNA levels by RT-PCR. For this analysis, we selected OsCPK1, 3, 9, 10, 17, 20, 21 and 24, because these were the genes for which we could detect transcripts in this study (Fig.  6 ). In the RT-PCR analysis, expression of OsCPK9 increased in response to rice blast treatment. Expression of the other genes either was not changed by infection with rice blast or showed the same response to mock treatment (data not shown).
To confirm the expression patterns seen in the RT-PCR analysis, we carried out RNA gel blot analysis using gene-specific probes. The results of this analysis were consistent with those of the RT-PCR. In other words, OsCPK9 expression was increased after 12-24 h of both avirulent and virulent rice blast treatment (Fig. 7B) . These results suggest that OsCPK9 is involved in decoding the rice blast-induced Ca 2+ signal pathway. However, further experiments (e.g. gene expression analysis in response to phytohormone and gain-or loss-of-function experiments) are required to investigate the function of OsCPK9 in rice blast infection.
In rice suspension culture cells, the transcripts of OsCPK15, OsCPK20 and OsCPK24 were strongly induced by the addition of N-acetylchitooligosaccharide elicitor (Table 3 ) (Akimoto-Tomiyama et al. 2003) . However, these rice CDPK genes did not respond to rice blast infection under our experimental conditions (data not shown).
In summary, we identified 29 CDPK genes, five CRK genes, one CCaMK gene and two PEPRK genes in the rice genome. The functions of most of the CDPKs and their related protein kinases remain elusive. Further studies using multiple approaches will be required to resolve functional divergence in this gene family. The genomic and bioinformatic analyses of rice CDPK genes in this work can provide a solid foundation for the further functional dissection of rice CDPK genes.
Materials and Methods
Identification of rice CDPK genes and this structural analysis CDPK genes from the rice genome sequence were searched using the BLAST algorithm at the National Center for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov/BLAST/) and the Rice Genome Research Program (RGP; http://rgp.dna.affrc.go.jp/). The sequences of cDNA or EST clones were identified by BLAST analysis from the DNA Data Bank of Japan (DDBJ; http:// www.ddbj.nig.ac.jp/) and Knowledge-based Oryza Molecular biological Encyclopedia (KOME; http://cdna01.dna.affrc.go.jp/cDNA/). The full-length cDNAs obtained were mapped on chromosomes by identifying their corresponding genomic sequences using the BLASTN algorithm at the Rice Genome Research Program (RGP; http:// rgp.dna.affrc.go.jp/). Genomic sequences containing putative CDPK genes were annotated further by using the Rice Genome Automated Annotation System (RiceGAAS) (Sakata et al. 2002) . Motif scanning in CDPK was done by PROSITE scan (Falquet et al. 2002) or NCBI-CD searches. Predicted molecular masses of CDPKs protein were calculated using Genetyx software (Genetyx, Tokyo, Japan).
Phylogenetic analysis of rice CDPK proteins
The deduced protein sequence was aligned with ClustalW (Thompson et al. 1994) . A phylogenetic tree was created according to the neighbor-joining method clustering strategy (Saitou and Nei 1987) using the Clustalw program.
Infection of rice blast
Three-week-old rice seedlings (Oryza sativa L. cv. Nipponbare) were sprayed with Magnophorthe grisea (races 102S and 003) at a concentration of 200,000 spores ml -1 containing 0.02% Tween-20. After inoculation, seedlings were placed in a moist chamber at 25°C for 28 h in the dark, and then moved to a greenhouse at 28°C.
